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S U M M A R }
In Chapter I  an introductory survey is given of ear ly
experimental  work on thé f ine structure near x-ray ab-
sorpt ion edges of elements in crystal l ine sol ids and po-
lyatomic molecules and i ts successful  wave-mechanical
interpretat ion by Kronig. The x-ray spectrometers with
a much higher resolving power, developed during the
last decennia, made i t  possible to invest igate the f ine
structure close to the edge in more detai l  .  To account
for these f luctuat ions one needs the theoret ical  calcula-
tions of the density of empty states near the Fermi limit
fol lowing the methods developed by Wigner,  Seitz,  Slater
a. o.  The pr inciples of these theories, together with their
experimental  conf irmation are discussed more ful ly in
Chapter I I .
Al l  the pecul iar i t ies of the f ine structure at distances
more than ?0 eV from the absorpt ion edges of elements
in sol ids can be interpreted on the basis of Kronigrs the-
ory  (1931,  1932) ,  fo r  ins tance (1 )  the  preva i l ing  in f luence
of the crystal  lat t ice, (2) the inverse porport ional i ty of
the distances of the extrema with the square of the lattice
constant,  ( l )  the disappearence of the f ine structure at
temperatures near the melt ing point,  etc.  (Chapter I I ,
s 3).
The fine structure within 70 eV from the absorption
edges can be interpreted with the theories developed by
Wigner  and Se i tz  (1933)  and S la te r  (1934) .  For  the  3d-
transi t ion elements for instance, Krutterts calculat ions
(1935) of the density of states curve near the Fermi l imit
of  Cu turned out to be very elucidat ing. The f ine struc-
ture close to the K-absorpt ion edge of Cu, observed by
Beeman and Fr iedman (1939) ,  was  in  qua l i ta t i ve  agree-
ment with the theoret ical  curve (S 4)
In Chapter III the experimental arrangement used
throughout our invest igat ions is descr ibed. The x-raJr
spectrograph with one f lat  calci te crystal  is of  a simi lar
type  as  used by  K lamer  (1935) ,  bu t  now spec ia l l y  adapt -
ed for large var iat ions of the Bragg angle ( f ig.  3.  1).
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Taking large d is tances between l ine focus of  the x-ray
tube and crysta l  and between crysta l  and photographic
p la te  (115  cm) ,  t he  reso l v i ng  power  i s  comparab le  w i t h
tha t  o f  t he  two  c rys ta l  spec t rome te r .  Fo r  some  expe r i -
men ts  a t  l ow  d i spe rs ion  these  d i s tances  cou ld  be  de -
c reased  to  32 ,5  cm.  I n  t ab le  I  ( page  27 )  t he  wave leng th
and energy d ispers ion in  the regions invest igated are
g i ven .  The  x - ray  t ube  i s  shown  i n  f i g .  3 .2 ;  de ta i l s  con -
cern ing the d i f ferent  cathodes and anodes used can be
found in $ 3.  The preparat ion of  the analys ing calc i te
c rys ta l  and  the  ad jus tmen t  o f  t he  spec t rog raph  a re  de -
s c r i b e d i n $ 4 a n d $ 5 .
In the f i rs t  sect ion of  Chapter  IV a shcr t  survey of  the
photographic photometr ic technique is  presented;  the mi-
crophotometer  prov ided wi th a thermopi le  is  schernat ic-
a l l y  shown  i n  f i g .  4 .2 .  I n  $  3  spec ia l  a t t en t i on  i s  g i ven  to
the correct ion of  our  tota l  in tensi ty  curves for  the con-
t r ibut ion of  h igher  order  and scat tered radiat ion,  in  or-
der  to f ind the re lat ive absorpt ion coef f ic ient  as a func-
t ion of  increasing energy.  In  case of  photographic photo*
rnetry  of  x- ray absorpt ion edges,  involv ing densi ty  curves
o f  t he  shape  shown  i n  f i g .  4 .1 ,  t he  i nc rease  i n  dens i t y
being proport ional  to  the increase of  the logar i thm of  the
x - ray  i n tens i t y , .  t he  op t ima l  t h i ckness  o f  an  abso rp t i on
fo i l  is  found to be s l ight ly  greater  than the one cal .cu lated
a f te r  Sands t róm 's  f o rmu la ,  va l i d  i n  case  the  x - ray  ra -
d ia t i on  t r ansn . r i t t ed  by  t he  abso rp t i on  f o i l  i s  r eco rded  l i -
nea r l y  (  S  4 )  Some fu r the r  expe r i r nen ta i  de ta i l s  f o r  t he
v a r i o u s  e x p o s u r e s  a r e  g i v e n  i n  S 5 ,  w h i l e  i n  $ 6  t h e  p r o b -
Iem i s  d i scussed  how to  de te rm ine  the r  wave leng th  o f  t he
abso rp t i on  edge  i f  t he  abso rp t i on  cu rve  w i th  i t s  s t ruc tu re
in the edge is  known. In our  opin ion the best  way is  to  f ix
th is  point  hal fway the absorpt ion jump, th is  jump of ten
be ing  fo l l owed  by  a  f u r t he r  s t rong  i nc rease  o f  t he  ab -
so rp t i on  coe f f i c i en t .
In  chapter  V our  h igh d ispers ion measurements of  the
K-abso rp t i on  edges  o f  C r ,  N {n  and  Fe  i n  t he  me ta l s  (S  1 ) ,
o x i c l e s  ( $  2 )  a n d  s o m e  c o m p o u n d s  ( S  3 )  a r e  d e s c r i b e d  a n d
c i i sc r . r ssed .  $  4  con ta ins  t he  l ow  d i spe rs ion  resu l t s  f o r
N {n  and  F 'e  i n the i r  ox ides  and  some compounds .  The  h igh
d i spe rs ion  pho tome te r  cu rves  o f  C r ,  Mn  and  Fe  ( f i g .
5 . 1 ,  5 . 2 ,  a n d  5  3 )  t o g e t h e r  w i t h  t h e  i n t e n s i t y  c u r v e s  ( f i g .
5 . 4 ,  5 . 5 ,  a n d  5 . 6 )  a r e  s h o w n  i n  $  1 .  A  c o m p a r i s o n  w l t h
the  resu l t  o f  Beenan  and  l r r i edman  fo r  Fe  ( f i g .  5  7 )
B O
proves that a dor
sar i l y  super io r  tc
three elements t
b e t w e e n P a n d Q r
transit ions of the
of the 4s-band. Th
the f i rst  maximu
band) ,  as wel l  asjump compared to
These resu l ts  to
w o r k e r s  ( 1 9 3 9 ,  1
Ge are  summar is
f ig .  5 .  B  aga ins t  a t
found for increas
d is tance be tween
and an increase o
sorpt ion. In the c
a remarkable chi
5 .  B .  F r o m  t h i s  r
e lements  Cr ,  Mn
to the 4s- and 4p-
and consequent ly t
The relat ive posi
a schematic way i
d is tance fo r  Cr  (d
is taken into acco
I n $ 2 t h e h i g h
and Fe in their  ox
f i g .  5 . 1 0  a n d  5 . 1
find:
1. For the di f fer,
s t ruc tu res  c lose  t
2. The f luctuat ior
ger for the oxides
3.  The re la t i ve  s
siderably smal ler
increasing valenc.
4 .  Prac t ica l l y  fo r
near ly  the  same I
the f i rst  two maxi
gies with higher v
5 .  The d is tance c
to  about  15  eV.
6. The di f ference
not ref lected in th
rs of the x-ray
d photographic
omparable with
r  some exper i -
;  couLd be  de-
the wavelength
.ves t iga ted  are
2; detai ls con-
:s  used can be
aiysing calci te
'ograph are  de-
rt  survey of the
c e n t o d .  f h e  m i  -
e  i s  schemat i c -
rtion is given to
'es for  the con-
ld iat ion,  in  or-
: ient  as a func-
:graphic photo-
1 densi ty  curves
3ase in densi ty
ogarithm of the
f  an absorpt ion
r  one  ca l cu la ted
e  t h o  w - r a v  r 1 -
' * J  ' *
i s  r e c o r d e d  l i -
detai ls for the
in  $6  the  prob-
velength of the
th  i t s  s t ruc tu re
s t  way  is  to  f i x
this jump often
rase o f  the  ab-
rrements of the
r e  m e t a l s  ( S  1 ) ,
r  descr ibed and
on results for
, n n . l q  T h p  h i  c r h
n  and  Fe  ( f i g .
i t y  cu rves  ( f i g .
rmpar ison wi th
Fe  ( f i g  5  7 )
proves that a double crysta. l  spectrometer is not neces-
sari ly superior to a single crystal  spectrograph. For al l
three elements the f i rst  r ise of absorpt ion coeff ic ient
between P and Q represents the absorpt ion edge, due to
transit ions of the ls-electron to the lowest ernpty states
of the 4s-band. The energy distance between the edge and
the f i rst  maximum of absorpt ion A (maximum of 4 p-
band),  as wel l  as the percentage of the ini t ia l  absorpt ion
jump compared to the total  jump, have been determined.
These results together with those of Beeman and co-
workers  (1939,  1949)  fo r  the  e lements  be tween Fe and
Ge are summarised in Table I ,  page 55 and plotted in
f ig .  5 .  B  aga ins t  a tomic  number .  Beeman and co-workers
found for increasing atornic nr.rmber a decrease of the
distance between Fermi l imit  and maximum of 4p-band,
and an increase of the relat ive strength of the ini t ia l  ab-
sorpt ion. In the case of Cr,  Mn and Tre however,  we f ind
a remarkable change in the trend of the curves of f ig.
5. B. From this we conclucle that for l ighter transi t ion
elements Cr,  Mn and Fe the 3d-band is shi f ted relat ive
to the 4s- and 4p-band in the direct ion of higher energy,
andconsequent ly the 4s-band is f i l led to a higher energy.
The relat ive posit ion of the energy bands is indicated in
a  schemat ic  way in  f ig .  5 .9 ;  now however ,  the  measured
distance for Cr (deviat ing from the ful l  crrve of f ig.  5. .8)
is taken into account.
In $ 2 the high dispersion K-absorpt ion curves of Mn
and Fe in  the i r  ox ides  are  d iscussed (photometer  curves
f i g .  5 . 1 0  a n d  5 . 1 1 ,  i n t e n s i t y  c u r v e s  5 . 1 2  a n d  5 . 1 3 ) .  W e
find:
1. For the di f ferent oxides of the same metal  the f ine
s t ruc tures  c lose  to  the  edge show much resemblance,
2. The f luctuat ions in the absorpt ion coeff ic ient are lar-
ger for the oxides than for the metals,
3. The relat ive strength of the ini t ia l  absorpt ion is con-
siderably smal ler than for the rnetal  and increases with
increasing valency of the absorbing ion,
4. Pract ical ly for aL1 compounds the edge is si tuated at
nearly the same waveLength as for the pure metal  ,  whi le
the f i rst  two maxima A and B are shi f ted to higher ener-
gies with higher valency of the absorbing ion,
5. The distance of the maxima A and B always amounts
to  about  15  eV.
6. The di f ference in conduct iv i ty of NTn3O4 and Fe3O4 is
no t  re f lec ted  in  the  s t ruc tu re  o f  the  absorp t ion  edges.
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Most of these effects can be understood from the fact
that in all oxides the nearest surrounding of the absorb-
ing ion by oxygenions is approximately the same and the
metallic ions are at larger distances than in the metals.
The differences in crystal lattice type practically play no
part  as can be seen from the curves of oFe2O3 and
1Fe2O3. Though in Fe3O4 the iron ions are si tuated in
three di f ferent lat t ice si tes, this is not c lear ly ref lected
in the structure of the edge.
In g 3 the high dispersion K-absorpt ion curves of Mn
and Fe in some compounds are given, all of them clearly
showing a  fa in t  low energy  absorp t ion( f ig .5 .14  and 5 .  15)
sometimes overlooked by other invest igators using the
two crystal  spectrometer.  This emphasizes again that
the photographic method in x-ray spectroscopy has sorne
advantages of its own, the most important being that the
whole region of wavelengths under consideration is ex-
posed under exact ly the same condit ions as regard cur-
rent and voltage and state of the focal spot of the x-ray
t u b e .
The K-absorpt ioncurves of Cr in some compounds (f ig.
5. 13) are remarkable onaccount of the l ine shaped strong
ini t ia l  absorpt ion.
The K-absorpt ion edges of Mn and Fe in; the oxides
( f ig  5 .18  and 5 .19)  and in  two o ther  compounds ( f ig .
5 .20)  have a lso  been taken a t  low d ispers ion  (S  4) .  In
this way the f ine structure at a greater distance from
the edge could be invest igated. For the i ron oxides a f ine
structure is found extending over more than 300 eV from
the edge,butthe var iat ions in absorpt ion are much smal-
ler than those for metal l ic i ron, especial ly at  a large
distance from the edge.
I t  is str ik ing that the f ine structure in the region be-
tween 70 and 175 eV is almost ident ical  for al l  the i ron
oxides, whereas for FeS and FeF3 the structure is qui te
di f ferent.  From this we conclude that the f ine structure
in this intermediate region of energy is mainly determin-
ed by ions closely surrounding the absorbing ion.
Beyond 175 eV the extrema for o, Fe2O3 and y Fe2O3
dif fer in wavelength posit ion, whi le 1Fe203 and Fe3O4
show an ident ical  structure. The a and y modif icat ion of
Fe203have di f ferent crystal  structure, whi le both yFe203
and Fe3O4 are spinels with almost the sarne lat t ice con-
stant.  We may conclude therefore that the f ine structure
beyond 175 eV frorn the edge is inf luenced by the whole
crys ta l  la t t i ce .
8',z
Summarizing
that if the energ
ed, the region
structure is ext
rstood from the fact
Lding of the absorb-
Iy the same and the
than in the metals.
pract ical ly play no
'es  o f  aFe2O3 and
rons are situated in
of c lear ly ref lected
'ption curves of Mn
all of them clearly( f i g . 5 .  1 4  a n d  s .  1 b )
stigators us ing the
nasrzes again that) troscopy has some
rtant being that the
onsiderat ion is ex-
ons  as  regard  cur -
, l  spot of the x-ray
rme compounds (f ig.
rrne shaped strong
i  Fe  in ; the  ox ides
r compounds (f ig
s p e r s l o n  ( 5  + y .  I n
t ter distance from
r iron oxides a fine
: than 300 eV from)n are much smal-
,ecial ly at  a large
e in the region be-
ral  for al t  the i ron
structure is qui te
the f ine structure
mainly determin-
rrbing ion.
e2Or  and v  FerOc
Fe2O3 ana re lO i
Í  1 modif icat ion of
wh i le  bo th  yFezOq
sarne lat t ice cónl
the f ine structure
nced by the whole
Summarizing the results of
tnat i.f the energy of the ejected
"9, the region of the crystalstructure is extended mor-e and
this sect ion we may sayphotoelectron is increas-
that dominates the fine
m o r e .
B 3
